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Sera obtained from adult volunteers inoculated with genogroup II Norwalk-like viruses (NLVs), Hawaii
virus, and Snow Mountain virus and from patients involved in outbreaks of gastroenteritis were tested for
genogroup II NLV Mexico virus-specific immunoglobulin M (IgM) by use of a monoclonal antibody, recom-
binant Mexico virus antigen (rMXV)-based IgM capture enzyme-linked immunosorbent assay (ELISA). Sera
from genogroup I Norwalk virus (NV)-inoculated volunteers and from patients involved in a genogroup I NLV
outbreak were also tested. In sera from those infected with genogroup I NV or NLVs in volunteer and outbreak
studies, only 3 of 25 were rMXV IgM positive; in contrast, 24 of 25 were IgM positive for recombinant NV
(rNV). In sera from those infected with genogroup II NLVs in volunteer and outbreak studies, 28 of 47 were
rMXV IgM positive and none were IgM positive for rNV, showing the specificity of each IgM test for its
respective genogroup. In an outbreak of gastroenteritis not characterized as being of viral etiology but
suspected to be due to NV, 7 of 13 persons had IgM responses to rMXV, whereas none had IgM responses to
rNV, thus establishing the diagnosis as genogroup II NLV infection. The rMXV-based IgM capture ELISA
developed is specific for the diagnosis of genogroup II NLV infections.

In a recent classification, the family Caliciviridae comprises
four genera: Vesivirus, Lagovirus, Norwalk-like viruses (NLVs),
and Sapporo-like viruses (14). In previous reports, viruses in
the NLV genus have been categorized in two genogroups.
Genogroup I includes the prototype Norwalk virus (NV) and
related viruses, and genogroup II includes viruses such as Snow
Mountain virus (SMV), Hawaii virus (HV), and Mexico virus
(MXV) (23, 24, 26, 31, 36). NV has been the most extensively
studied, although it currently does not seem responsible for
most gastroenteritis caused by NLVs (4, 23, 26, 34, 37). The
development of recombinant NV (rNV) has provided a highly
purified antigen for detecting immunoglobulin G (IgG) anti-
bodies against NV and genogroup I NLVs (11, 12, 15, 21, 22,
32, 33). More recently, recombinant capsid antigen has been
developed from MXV, a genogroup II NLV (24, 25). This
recombinant MXV (rMXV) antigen has been used in several
studies to detect IgG antibodies against genogroup II NLVs (7,
17, 25, 33, 34).

Testing for seroconversion with either of these recombinant
antigens requires an early acute-phase serum sample and a
convalescent-phase serum sample to detect a minimum four-
fold rise in IgG antibody levels required to diagnose infection.
We recently described a monoclonal antibody, recombinant
antigen-based IgM capture enzyme-linked immunosorbent as-
say (ELISA) for the detection of specific IgM antibodies to NV
(1). We found that IgM antibodies to NV developed by 8 days
after exposure and were not detectable in normal sera even if
high titers of IgG antibodies were present. NV-specific IgM
antibodies were not detected in sera from SMV- or HV-inoc-
ulated volunteers (1). Two studies have used immune electron

microscopy to detect IgM to genogroup II NLVs (3, 30), and
IgM responses to rMXV antigen in sera from persons infected
with small round structured viruses have been reported (17).
The purpose of this study was to determine the efficacy of a
monoclonal antibody, rMXV-based IgM capture ELISA for
the diagnosis of genogroup II NLV infections.

MATERIALS AND METHODS

Serum samples. Sera were obtained from patients in volunteer studies and in
outbreaks of gastroenteritis. For sera from individuals known to be infected with
genogroup I NLVs, nine paired sera were from NV-inoculated volunteers who
had been infected with the 8FIIa strain and were shown to be positive by
seroconversion and by an IgM ELISA for NV (1). Sixteen paired sera from an
outbreak of gastroenteritis in Erie County, New York, and originally diagnosed
as NV positive by human reagent-based antigen and antibody assays were tested
(10). By genotyping (1), the outbreak from which the sera used here were
obtained was shown to be associated with a genogroup I NLV (V Ward 1/90).

Sera from patients infected with genogroup II NLVs included paired sera
obtained in two HV-inoculated volunteer studies with two volunteers each (un-
published data), along with three convalescent-phase sera from SMV-inoculated
volunteers (obtained from R. Dolin, University of Rochester). Both groups
consisted of individuals who became ill. Sera from outbreaks included 21 paired
sera from an outbreak of SMV in a New York City high school cafeteria in 1985
(16). This outbreak involved approximately 600 students and cafeteria workers.
Acute-phase sera were collected 4 to 8 days after the onset of symptoms, and
convalescent-phase sera were collected 2 weeks later. Two paired sera from
individuals infected with Taunton virus (TNV) (2) were obtained from D. Lewis,
Leeds, United Kingdom. Sera collected during investigations of two additional
outbreaks were also tested. Five paired sera and eight single convalescent-phase
sera were obtained from patients involved in an outbreak at a nursing home
(University of Massachusetts Medical Center—University Commons [UMMC-
UC]) in 1996 (unpublished data). During a 2-week period, 68 residents and staff
members became ill with gastroenteritis. Routine examination for bacterial and
parasitic agents by the University of Massachusetts Medical Center clinical
microbiology laboratory yielded negative results. Stool samples from three pa-
tients were tested by reverse transcription-PCR for NLVs. The portion se-
quenced (57 bases) had 95% identity in the polymerase region with MD-V6, a
genogroup II NLV involved in an outbreak in a Maryland nursing home in 1987
(28) (accession no. MCU07613), and 98% identity with Halifax NLV (unpub-
lished data) (accession no. NLU87651). The second outbreak involved patients
who developed gastroenteritis after a Rhode Island graduation banquet in 1986
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(unpublished data). Forty-one of 93 persons at the banquet became ill. No NV
was detected by an ELISA for NV antigen (20) in 12 stool samples from persons
involved in the outbreak. Acute-phase sera were collected 6 days after the
banquet, and convalescent-phase sera were collected 7 weeks later. Thirteen
paired sera were available; 3 of 13 seroconverted to NV in a blocking radioim-
munoassay for NV. These outbreaks were tested with both MXV and NV IgG
and IgM assays to determine the utility of these tests in outbreaks that were not
characterized with regard to viral etiology.

Paired sera were obtained from four adults involved in a documented MXV
outbreak. The outbreak was confirmed as MXV by reverse transcription-PCR
and sequencing of virus in stool samples (unpublished data). These sera also
served as positive controls for the rMXV-based IgM test.

Six paired sera were obtained from adults with astrovirus gastroenteritis (19),
and four paired sera were obtained from adults with rotavirus gastroenteritis (8).
These were tested with both MXV and NV IgG and IgM assays as controls for
the specificity of the assays for sera from persons with viral gastroenteritis due to
viruses other than NLVs.

Eighty normal human sera were obtained from a group of adult donors from
the University of Massachusetts Medical Center hospital blood bank and from
children admitted to the hospital for reasons other than gastroenteritis. All of the
above sera were stored at #220°C.

Monoclonal antibody to rMXV. A mouse monoclonal antibody to rMXV was
developed by procedures previously described (18, 27). Briefly, two inoculations
of rMXV in Titer-Max adjuvant (CytRx Corporation, Norcross, Ga.) were given
subcutaneously to BALB/c mice. After sufficient titers were obtained (1:32,000 in
an ELISA against rMXV), the spleen cells were fused to SP2/0-Ag14 mouse
myeloma cells. An ELISA was used to screen for hybridoma cells producing
anti-rMXV antibodies. The antibodies were confirmed as anti-rMXV antibodies
by a blocking antibody test with human convalescent-phase serum from a patient
who had an MXV infection. The hybridoma selected was designated clone 1B5
and was isotype IgG2a.

IgM capture antibody ELISA. Polyvinyl microtiter plates (Dynatech Labora-
tories, Inc., Chantilly, Va.) were coated with unlabeled rabbit anti-human IgM
(Fc5m) (Accurate Chemical, Westbury, N.Y.) at 0.25 mg/50 ml of 0.1 M phos-
phate-buffered saline (PBS) per well. The plates were incubated at 37°C for 2 h,
washed three times (with PBS plus 0.15% Tween 20), and blocked overnight at
20 to 22°C with 5.0% bovine serum albumin and 0.25% Bloom 60 gelatin (Sigma
Chemical Co., St. Louis, Mo.) in PBS. The plates were washed three times, and
duplicate twofold serial dilutions of human serum starting at a 1:25 dilution were
made with 50% fetal bovine serum (FBS)–50% 0.025 M Tris-HCl buffer (pH 7.2)
(FBS–Tris-HCl buffer) containing 0.015% Tween 20 (50 ml per well) and incu-
bated for 1 h at 37°C. The plates were washed five times, and 50 ng of rMXV in
50 ml of FBS–Tris-HCl buffer was added to each well of one of the duplicate
rows. To the second row, 50 ml of FBS–Tris-HCl buffer without rMXV was
added. After overnight incubation at 20 to 22°C, the plates were washed five
times, and 50 ml of a 1:5,000 dilution of monoclonal antibody to rMXV in
FBS–Tris-HCl buffer was added per well and incubated for 1 h at 37°C. The
plates were washed, and peroxidase-labeled goat anti-mouse IgG (heavy and
light chains) (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, Md.) at 1
mg/ml in FBS–Tris-HCl buffer plus 1% normal rabbit serum was added and
incubated for 1 h at 37°C. The plates were washed five times. The substrate for
peroxidase (0.05 ml of O-phenylenediamine–H2O2; Abbott Laboratories, North
Chicago, Ill.) was added and allowed to stand for up to 10 min, and the reaction
was stopped with 0.1 ml of 1 N H2SO4. The A492 of the solution was measured
with a plate reader spectrophotometer (Whittaker Bioproducts, Walkersville,
Md.). A positive test was one in which a 1:25 dilution (the lowest tested) or
higher gave an A492 of $0.200 above the A492 of the control (wells with no
antigen added) and was $3 times the standard deviation of the mean A492

obtained with 10 prechallenge sera tested at a 1:25 dilution in wells with no
antigen added. Detection of IgM to rNV was done as described previously (1).

IgG antibody ELISA. Alternate rows in polyvinyl microtiter plates were coated
with rMXV at 50 ng/50 ml of 0.1 M PBS per well. The plates were incubated at
37°C for 4 h and washed three times, and all wells were blocked overnight as in
the IgM capture antibody test. The plates were washed three times, and twofold
serial dilutions of human serum starting at a 1:800 dilution were made with
FBS–Tris-HCl buffer (50 ml per well) and incubated for 1 h at 37°C. Sera with
titers of ,1:800 were retested starting at a 1:100 dilution. Dilutions for each
serum were made in both the rMXV-coated row and the control row. The plates
were washed four times, and peroxidase-labeled goat anti-human IgG (heavy and
light chains) (Kirkegaard & Perry Laboratories) at 1 mg/ml in FBS–Tris-HCl
buffer was added and incubated for 1 h at 37°C. The substrate for peroxidase was
added as described for the IgM capture antibody test, and the A492 of the
solution was measured with a plate reader spectrophotometer. A positive test
was one in which a 1:100 dilution (the lowest tested) or higher gave an A492 of
$0.200 above the A492 of the control (wells with no antigen added) and was $3
times the standard deviation of the mean A492 obtained with 10 prechallenge sera
tested at a 1:100 dilution in wells with no antigen added. Detection of IgG to rNV
was done as described previously (1).

RESULTS

The results of the serological tests for MXV from volunteer
studies and outbreaks are shown in Table 1. Among sera from
those infected with genogroup I NLVs (combined volunteer
and outbreak studies), only 3 of 25 were rMXV IgM positive;
in contrast, 24 of 25 were IgM positive for rNV. In sera from
those infected with genogroup II NLVs (combined volunteer
and outbreak studies), 28 of 47 were rMXV IgM positive and
none were IgM positive for rNV. These results show the spec-
ificity of the rMXV IgM test and confirm the specificity of the
rNV IgM test previously reported (1). In an outbreak of gas-
troenteritis not characterized with regard to viral etiology but
suspected to be due to NV (the Rhode Island graduation
banquet), 7 of 13 persons had IgM responses to rMXV,
whereas none had IgM responses to rNV. These results estab-
lished the diagnosis as genogroup II NLV. All four sera from
patients in a documented MXV outbreak were positive in the
rMXV IgM test and negative in the rNV IgM test.

Among four paired sera from children with astrovirus infec-
tions and among six paired sera from adults with rotavirus
infections, none showed seroconversion or were IgM positive
for either rMXV or rNV (Table 1). Eighty sera from nonin-
fected individuals ranging in age from 1 to 59 years were tested
for IgG and IgM to rMXV (Table 2). The proportion of sera
positive for rMXV IgG ranged from 45 to 90% for the different
age groups. Two sera from children between 1 and 4 years of
age were IgM positive for rMXV.

DISCUSSION

Several studies have shown the development of NV-specific
IgM antibodies as a result of NV infection (1, 6, 9, 13, 29, 35),
but reports on the development of IgM antibodies to geno-
group II NLV infections are limited. Two earlier studies (3, 30)
with immune electron microscopy showed IgM reactivity to
viruses that were later shown to be genogroup II NLVs, and a
recent report with an ELISA showed IgM responses to geno-
group II NLVs involved in outbreaks (17). Sera from geno-
group I NLV infections were not tested in that study. Our
results with volunteer and outbreak sera show that the rMXV-
based IgM capture ELISA that we developed detects antibod-
ies to genogroup II viruses such as HV, SMV, TNV, and
related viruses. IgM antibodies to rMXV were not detected in
sera from NV-inoculated volunteers. Neither the rMXV IgM
test nor the rNV IgM test reacted with sera from patients with
rotavirus or astrovirus infections, further demonstrating the
specificity of these tests for NLV infections.

During NV infections, IgM to NV has been found to be
more specific for NV than IgG to NV (1, 28, 34). It is well
established that repeated stimulation by a given antigen usually
increases IgG titers but decreases specificity. This situation
should not occur with the IgM response, because IgM is not
associated with anamnestic responses to repeated antigen ex-
posure. Thus, exposure to several related NLVs could result in
IgG with a broader specificity, as was seen in the seroconver-
sion data from the Erie County outbreak involving a geno-
group I NLV (V Ward 1/90). It has been shown in a previous
study that there is a correlation between seroconversion and
NLV genotype, but it was suggested in that report that the IgM
response could be more specific (33).

The MXV IgM test was most useful when used in combina-
tion with the NV IgM test for the outbreaks at UMMC-UC,
the Rhode Island graduation banquet, and in Erie County. The
lack of fourfold or greater rises in IgG antibody titers to rMXV
from patients in the outbreak at UMMC-UC was probably due
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to the late collection of the acute-phase sera. In paired sera
from two patients at the Rhode Island graduation banquet,
there were fourfold increases in IgG antibody titers to rMXV
in both patients and to rNV in one patient. Both outbreaks
were diagnosed by use of a combination of rNV- and rMXV-
based IgM capture assays. The larger sample size of the SMV
outbreak associated with eating in a school cafeteria also dem-
onstrates the utility of the rMXV-based IgM test compared
with seroconversion. Of the 13 persons found positive by either
seroconversion or IgM, only 2 were missed by the rMXV-based
IgM test, whereas 9 were missed by seroconversion.

Among 80 normal sera tested, sera from two children be-
tween 1 and 4 years old were rMXV-specific IgM positive.
Occasional positive results may occur in the rMXV-based IgM
test because high levels of IgG antibodies to MXV have been
detected in young children (5, 7, 24, 34) and the IgM-positive
sera could represent a recent infection. We did not have suf-
ficient information available on volunteer or outbreak sera to

determine the time between exposure to NLVs and the ap-
pearance of specific IgM. In a previous study on the detection
of IgM antibodies to genogroup I NLV infections (1), rNV-
specific IgM was not detected in volunteers by 5 days but was
detected by 8 days (sera from days 6 and 7 were not obtained).
In outbreak sera, rNV-specific IgM was detected 6 to 7 days
after the estimated time of exposure (1), and it is likely that
similar times for the appearance of virus-specific IgM would be
required for other NLVs.

rNV- and rMXV-based IgM capture assays can be used to
determine whether an outbreak is due to NLVs and are useful
for genogroup classification in epidemiological studies. IgM
assays are especially useful if acute-phase sera are collected
late or if paired sera are not available.

ACKNOWLEDGMENTS

We thank Janet Price, University of Massachusetts Medical Cen-
ter—University Commons, Worcester, nursing home, for providing
clinical specimens from the outbreak at that center. We thank Deanne
Rhodes for technical assistance.

This work was supported in part by NIH grant AI 38036 (to M.K.E.).

REFERENCES
1. Brinker, J., N. R. Blacklow, M. K. Estes, C. L. Moe, and J. E. Herrmann.

1998. Detection of Norwalk virus and other genogroup I human caliciviruses
by use of a monoclonal antibody, recombinant antigen-based immunoglob-
ulin M capture enzyme immunoassay. J. Clin. Microbiol. 36:1064–1069.

2. Caul, E. O., C. Ashley, and J. V. S. Pether. 1979. “Norwalk” like particles in
epidemic gastroenteritis in the U.K. Lancet ii:1292.

3. Cubitt, W. D., D. A. McSwiggan, and S. Arstall. 1980. An outbreak of
calicivirus in a mother and baby unit. J. Clin. Pathol. 33:1095–1098.

4. Cubitt, W. D., X. Jiang, J. Wang, and M. K. Estes. 1994. Sequence similarity
of human caliciviruses and small round structured viruses. J. Med. Virol.
43:252–258.

TABLE 1. Detection by ELISA of IgG seroconversion (sc) and IgM antibodies specific for rMXV and rNV in volunteers
and in natural outbreaks of gastroenteritis

Genogroup Samples

No. of sera with the following result/no. tested:

IgM1a for: IgG sc1 for: IgM1 and
IgGsc1 for:

IgM1 and
IgGsc2 for:

IgGsc1 and
IgM2 for:

IgGsc2 and
IgM2 for:

rMXV rNV rMXV rNV rMXV rNV rMXV rNV rMXV rNV rMXV rNV

I NV-inoculated volunteers
(paired sera)

0/9 9/9 1/9 9/9 0/9 9/9 0/9 0/9 1/9 0/9 8/9 0/9

Erie County outbreak
(paired sera)

3/16 15/16 10/16 13/16 0/16 12/16 2/16 3/16 9/16 1/16 2/16 0/16

II HV-inoculated volunteers
(paired sera)

2/4 0/4 4/4 1/4 2/4 0/4 0/4 0/4 2/4 3/4 0/4 1/4

SMV-inoculated volunteers
(convalescent-phase sera)

3/3 0/3 NAe NA NA NA NA NA NA NA NA NA

SMV outbreak (paired sera) 11/21 0/21 4/21 1/21 2/21 0/21 9/21 0/21 2/21 1/21 8/21 20/21
TNV outbreak (paired sera) 2/2 0/2 2/2 0/2 2/2 0/2 0/2 0/2 0/2 0/2 0/2 2/2
MXV outbreak (paired sera)b 4/4 0/4 4/4 1/4 4/4 0/4 0/4 0/4 0/4 1/4 0/4 3/4
UMMC-UC outbreak

(paired sera)c
2/5 0/5 0/5 1/5 0/5 0/5 2/5 0/5 0/5 1/5 3/5 4/5

UMMC-UC outbreak
(convalescent-phase sera)

4/8 0/8 NA NA NA NA NA NA NA NA NA NA

Unknown Rhode Island outbreak
(paired sera)

7/13 0/13 2/13 1/13 1/13 0/13 6/13 0/13 1/13 1/13 5/13 12/13

Otherd Rotavirus (paired sera) 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 0/6 6/6 6/6
Astrovirus (paired sera) 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4 4/4 4/4

a A serum positive for IgM is one in which the IgM antibody titer is $1:25 in a single sample.
b The outbreak was confirmed to be due to MXV.
c Acute-phase sera were collected late.
d All sera from patients with rotavirus and astrovirus infections had IgG titers to rNV and rMXV in their acute- and convalescent-phase sera.
e NA, not applicable.

TABLE 2. Prevalence of IgG and IgM to rMXV in 20 normal sera,
as determined by an ELISA

Age range
(yr)

No. of sera positive for:

IgGa IgMb

1–4 12 2
5–17 9 0

18–29 18 0
30–59 18 0

a Titer of $1:100.
b Titer of $1:25.

VOL. 37, 1999 DETECTION OF GENOGROUP II NORWALK-LIKE VIRUS INFECTION 2985

 by on N
ovem

ber 26, 2008 
jcm

.asm
.org

D
ow

nloaded from
 

http://jcm.asm.org


5. Cubitt, W. D., K. Y. Green, and P. Payment. 1998. Prevalence of antibodies
to the Hawaii strain of human calicivirus as measured by a recombinant
protein based immunoassay. J. Med. Virol. 54:135–139.

6. Cukor, G., N. A. Nowak, and N. R. Blacklow. 1982. Immunoglobulin M
responses to the Norwalk virus of gastroenteritis. Infect. Immun. 37:463–468.

7. Dimitrov, D. H., S. A. H. Dashti, J. M. Ball, E. Bishbishi, K. Alsaeid, X.
Jiang, and M. K. Estes. 1997. Prevalence of antibodies to human calicivi-
ruses (HuCVs) in Kuwait established by ELISA using baculovirus-expressed
capsid antigens representing two genogroups of HuCVs. J. Med. Virol.
51:115–118.

8. Echeverria, P., N. R. Blacklow, G. G. Cukor, S. Vibulbandhitkit, S.
Changchawalit, and P. Boonthai. 1983. Rotavirus as a cause of severe gas-
troenteritis in adults. J. Clin. Microbiol. 18:663–667.

9. Erdman, D. D., G. W. Gary, and L. J. Anderson. 1989. Development and
evaluation of an IgM capture enzyme immunoassay for diagnosis of recent
Norwalk virus infection. J. Virol. Methods 24:57–66.

10. Fleissner, M. L., J. E. Herrmann, J. W. Booth, N. R. Blacklow, and N. A.
Nowak. 1989. Role of Norwalk virus in two foodborne outbreaks of gastro-
enteritis: definitive virus association. Am. J. Epidemiol. 129:165–172.

11. Graham, D. Y., X. Jiang, T. Tanaka, A. R. Opekum, H. P. Madore, and M. K.
Estes. 1994. Norwalk virus infection of volunteers: new insights based on
improved assays. J. Infect. Dis. 170:34–43.

12. Gray, J. J., X. Jiang, P. Morgan-Capner, U. Desselberger, and M. K. Estes.
1993. Prevalence of antibodies to Norwalk virus in England: detection by
enzyme-linked immunosorbent assay using baculovirus-expressed Norwalk
virus capsid antigen. J. Clin. Microbiol. 31:1022–1025.

13. Gray, J. J., C. Cunliffe, J. Ball, D. Y. Graham, U. Desselberger, and M. K.
Estes. 1994. Detection of immunoglobulin M (IgM), IgA, and IgG Norwalk
virus-specific antibodies by indirect enzyme-linked immunosorbent assay
with baculovirus-expressed Norwalk virus capsid antigen in adult volunteers
challenged with Norwalk virus. J. Clin. Microbiol. 32:3059–3063.

14. Green, K. Y., T. Ando, M. S. Balayan, I. N. Clarke, M. K. Estes, D. O.
Matson, S. Nakata, J. D. Neill, M. J. Struddert, and H.-J. Thiel. Caliciviri-
dae. In M. van Regenmortel, C. Fauquet, D. Bishop, E. Carsten, M. K. Estes,
S. Lemon, J. Maniloff, M. Maya, D. McGeoch, C. R. Pringle, and R. Wickner
(ed.), Virus taxonomy. Seventh report of the International Committee on
Taxonomy of Viruses, in press. Academic Press, Inc., Orlando, Fla.

15. Green, K. Y., J. F. Lew, X. Jiang, A. Z. Kapikian, and M. K. Estes. 1993.
Comparison of the reactivities of baculovirus-expressed recombinant Nor-
walk virus capsid antigen with those of the native Norwalk virus antigen in
serologic assays and some epidemiologic observations. J. Clin. Microbiol.
31:2185–2191.

16. Guest, C., K. C. Spitalny, H. P. Madore, K. Pray, R. Dolin, J. E. Herrmann,
and N. R. Blacklow. 1987. Foodborne Snow Mountain agent gastroenteritis
in a school cafeteria. Pediatrics 79:559–563.

17. Hale, A. D., D. C. Lewis, X. Jiang, and D. W. G. Brown. 1998. Homotypic and
heterotypic IgG and IgM antibody responses in adults infected with small
round structured viruses. J. Med. Virol. 45:215–222.

18. Herrmann, J. E., N. R. Blacklow, S. M. Matsui, T. L. Lewis, M. K. Estes,
J. M. Ball, and J. P. Brinker. 1995. Monoclonal antibodies for detection of
Norwalk virus antigen in stools. J. Clin. Microbiol. 33:2511–2513.

19. Herrmann, J. E., W. D. Cubitt, R. W. Hudson, D. M. Perron-Henry, L. S.
Oshiro, and N. R. Blacklow. 1990. Immunological characterization of the
Marin County strain of astrovirus. Arch. Virol. 110:213–220.

20. Herrmann, J. E., N. A. Nowak, and N. R. Blacklow. 1985. Detection of
Norwalk virus in stools by enzyme immunoassay. J. Med. Virol. 17:127–133.

21. Jiang, X., D. Y. Graham, K. Wang, and M. K. Estes. 1990. Norwalk virus
genome cloning and characterizations. Science 250:1580–1583.

22. Jiang, X., M. Wang, D. Y. Graham, and M. K. Estes. 1992. Expression,
self-assembly, and antigenicity of the Norwalk virus capsid protein. J. Virol.
66:6527–6532.

23. Jiang, X., J. Wang, and M. K. Estes. 1995. Characterization of SRSVs using
RT-PCR and a new antigen ELISA. Arch. Virol. 140:363–374.

24. Jiang, X., D. O. Matson, F. R. Velazquez, J. J. Calva, W. M. Zhong, J. Hu,
G. M. Ruiz-Palacios, and L. K. Pickering. 1995. Study of Norwalk-related
viruses in Mexican children. J. Med. Virol. 47:309–316.

25. Jiang, X., D. O. Matson, G. M. Ruiz-Palacios, J. Hu, J. Treanor, and L. K.
Pickering. 1995. Expression, self-assembly, and antigenicity of a Snow Moun-
tain agent-like calicivirus capsid protein. J. Clin. Microbiol. 33:1452–1455.

26. Jiang, X., D. Cubitt, J. Hu, X. Dai, J. Treanor, D. O. Matson, and L. K.
Pickering. 1995. Development of an ELISA to detect MX virus, a human
calicivirus in the Snow Mountain agent genogroup. J. Gen. Virol. 76:2739–
2747.

27. Lane, R. D. 1985. A short-duration polyethylene glycol fusion technique for
increasing production of monoclonal antibody-secreting hybridomas. J. Im-
munol. Methods 181:223–228.

28. Lew, J. F., A. Z. Kapikian, J. Valdesuso, and K. Y. Green. 1994. Molecular
characterization of Hawaii virus and other Norwalk-like viruses: evidence for
genetic polymorphism among human caliciviruses. J. Infect. Dis. 170:535–
542.

29. Lewis, D. C., N. F. Lightfoot, and J. V. S. Pether. 1988. Solid-phase immune
electron microscopy with human immunoglobulin M for serotyping of Nor-
walk-like viruses. J. Clin. Microbiol. 26:938–942.

30. Lewis, D. C. 1990. Three serotypes of Norwalk-like virus demonstrated by
solid-phase immune electron microscopy. J. Med. Virol. 30:77–81.

31. Matson, D. O., W. Zhong, S. Nakata, K. Numata, X. Jiang, L. K. Pickering,
S. Chiba, and M. K. Estes. 1995. Molecular characterization of a human
calicivirus with sequence relationships closer to animal caliciviruses than
other known human caliciviruses. J. Med. Virol. 45:215–222.

32. Monroe, S. S., S. E. Stine, X. Jiang, M. K. Estes, and R. I. Glass. 1993.
Detection of antibody to recombinant Norwalk virus antigen in specimens
from outbreaks of gastroenteritis. J. Clin. Microbiol. 31:2866–2872.

33. Noel, J. S., T. Ando, J. P. Leite, K. Y. Green, K. E. Dingle, M. K. Estes, Y.
Seto, S. S. Monroe, and R. I. Glass. 1997. Correlation of patient immune
responses with genetically characterized small round-structured viruses in-
volved in outbreaks of nonbacterial acute gastroenteritis in the United
States, 1990 to 1995. J. Med. Virol. 53:372–383.

34. Parker, S. P., W. D. Cubitt, and X. Jiang. 1995. Enzyme immunoassay using
baculovirus-expressed human calicivirus (Mexico) for the measurement of
IgG responses and determining its seroprevalence in London, UK. J. Med.
Virol. 46:194–200.

35. Treanor, J. J., X. Jiang, H. P. Madore, and M. K. Estes. 1993. Subclass-
specific serum antibody responses to recombinant Norwalk virus capsid an-
tigen in adults infected with Norwalk, Snow Mountain, or Hawaii virus.
J. Clin. Microbiol. 31:1630–1634.

36. Wang, J., X. Jiang, H. P. Madore, J. Gray, U. Desselberger, T. Ando, Y. Seto,
I. Oishi, J. F. Lew, K. Y. Green, and M. K. Estes. 1994. Sequence diversity
of small, round-structured viruses in the Norwalk virus group. J. Virol.
68:5982–5990.

37. Wolfaardt, M., M. B. Taylor, W. O. K. Grabow, W. D. Cubitt, and X. Jiang.
1995. Molecular characterisation of small round structured virus associated
with gastroenteritis in South Africa. J. Med. Virol. 47:386–391.

2986 BRINKER ET AL. J. CLIN. MICROBIOL.

 by on N
ovem

ber 26, 2008 
jcm

.asm
.org

D
ow

nloaded from
 

http://jcm.asm.org

